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We study the complete one loop contribution to H± → W±V , V = Z, γ, both in the Minimal
Supersymmetric Standard Model (MSSM) and in the Two Higgs Doublet Model (2HDM). We
evaluate the MSSM contributions and compare them with the 2HDM ones taking into account
b → sγ constraint, vacuum stability and unitarity constraints in the case of 2HDM, as well as
experimental constraints on the MSSM and 2HDM parameters. In the MSSM, we found that in the
intermediate range of tan β <∼ 10 and for large At, the branching ratio of H
±
→ W±Z can be of
the order 10−3 while the branching ratio of H± → W±γ is of the order 10−5. We also study the
effects of the CP violating phases of Soft SUSY parameters and found that they can modify the
branching ratio by about one order of magnitude. However, in the 2HDM where the Higgs sector is
less constrained as compared to the MSSM higgs sector, one can reach branching ratio of the order
10−2 for both modes.
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2I. INTRODUCTION
The Standard Model (SM) of electroweak interactions [1] is very successful in explaining all experimental data
available till now. The cornerstone of the SM, the electroweak symmetry breaking mechanism, still has to be es-
tablished and the Higgs boson has to be discovered. The main goals of future colliders such as LHC and ILC is to
study the scalar sector of the SM. Moreover, the problematic scalar sector of the SM can be enlarged and some simple
extensions such as the Minimal Supersymmetric Standard Model (MSSM) and the Two Higgs Doublet Model (2HDM)
[2, 3] are intensively studied. Both in the 2HDM and MSSM the electroweak symmetry breaking is generated by 2
Higgs doublets fields Φ1 and Φ2. After electroweak symmetry breaking we are left with 5 physical Higgs particles (2
charged Higgs H±, 2 CP-even H0, h0 and one CP–odd A0). The charged Higgs H±, because of its electrical charge,
is noticeably different from the other SM or 2HDM/MSSM Higgs particles, its discovery would be a clear evidence of
physics beyond the SM.
The charged Higgs can be copiously produced both at hadrons and e+e− colliders. In hadronic machines, the
charged Higgs bosons can be produced in many channels: i) the production of tt¯ pairs may offer a source of charged
Higgs production. If kinematicaly allowed mH± <∼ mt, the top quark can decay to H+b¯, competing with the SM
decay t → W+b. This mechanism can provide a larger production rate of charged Higgs and offers a much cleaner
signature than that of direct production.
ii) single charged Higgs production via gb→ tH−, gg → tb¯H−, qb→ q′bH− [4]. iii) single charged Higgs production
in association with W± gauge boson via gg → W±H∓ or bb¯→ W±H∓ [5] and also single charged Higgs production
in association with A0 boson via qq, gg → A0H∓ [6]. iv) H± pair production through qq¯ annihilation [7] or gluon
fusion.
At e+e− colliders, the simplest way to get a charged Higgs is through H± pair production. Such studies have
been already undertaken at tree-level [8] and one-loop orders [9] and shown that e+e− machines will offer a clean
environment and in that sense a higher mass reach. We mention also that charged Higgs bosons pair production
through laser back–scattered γγ collisions has been studied in the literature [10] and found to be prominent to
discover the charged Higgs boson.
Experimentally, the null–searches from L3 collaborations at LEP-II derive the lower limit of about mH± >∼ 80 GeV
[11], a limit which applies to all models (2HDM or MSSM) in which BR(H± → τντ )+ BR(H± → cs)=1. DELPHI
has also carried out search for H± → A0W± 1 topologies in the context of 2HDM type I and derive the lower limit
of about mH± >∼ 76 GeV [12]. Recently, CDF Run II excluded a charged Higgs mass in the range 80 < mH± < 160
GeV [16]. This limit can apply for the MSSM with low tanβ. If the charged Higgs decay exclusively to τ¯ ν the
BR(t→ H+b) is constrained to be less than 0.4 at 95%C.L. On the other hand if no assumption is made on charged
Higgs decay, the BR(t→ H+b) is constrained to be less than 0.91 at 95%C.L.
At the LHC, the detection of light charged Higgs boson with mH± <∼ mt is straightforward from top production
followed by the decay t→ bH+2. Such light charged Higgs (mH± <∼ mt) can be detected also for any tanβ in the τν
decay which is indeed the dominant decay mode [17]. However, for heavy charged Higgs masses mH± >∼ mt which
decay predominantly to tb¯, the search is rather difficult due to large irreducible and reducible backgrounds associated
with H+ → tb¯ decay. However, it has been demonstrated in [18] that the H+ → tb¯ signature can lead to a visible
signal at LHC provided that the charged Higgs mass below 600 GeV and tanβ is either below <∼ 1.5 or above >∼ 40.
Ref. [19], proposed H± → τν as an alternative decay mode to detect a heavy charged Higgs, even if such decay is
suppressed for heavy charged Higgs it has the advantage being more clean than H+ → tb¯.
An other alternative discovery channel for heavy charged Higgs is its decay to charged gauge boson and lightest CP-
even Higgs: H± →W±h0, followed by the dominant decay of h0 to bb¯ [20]. Since the branching ratio of H± →W±h0
is suppressed for High tanβ, this channel could lead to charged Higgs discovery only for low tanβ where the branching
ratio of H± →W±h0 is sizeable.
Both in 2HDM as well as in MSSM, at tree level, the coupling H± → W±γ is absent because of electromagnetic
gauge invariance U(1)em. While the absence of H
± →W±Z is due to the isospin symmetry of the kinetic Lagrangian
of the Higgs fields [21]. Therefore, decays modes like H± → W±γ, H± → W±Z are mediated at one loop level and
then are expected to be loop suppressed [22, 23, 24, 25, 26]. We emphasize here that it is possible to construct models
with an even larger scalar sector than 2 Higgs doublets, one of the most popular being the Higgs Triplet Model (HTM)
[27]. A noteworthy difference between 2HDM and HTM is that the HTM contains a tree level ZW±H∓ coupling.
Motivated by the fact that there is no detailed study about H± → W±V , V = Z, γ, in the the framework of MSSM
1 Note that in the 2HDM it may be possible that the decay channel H± → W±A0 is open and even dominate over τν mode formH± <∼ mt
[13, 14, 15].
2 Note that at Tevatron run II, the charged Higgs is also searched in top decay [16].
3in the literature which take into account b→ sγ and other electroweak and experimental constraints. We would like
to reconsider and update the existing works [22, 23, 24, 25, 26] on the charged Higgs boson decays into a pair of
gauge boson: H± → W±γ,W±Z both in 2HDM and MSSM with and without CP violating phases. Although these
decays are rare processes, loop or/and threshold effects can give a substantial effect. Moreover, once worked out,
any experimental deviation from the results within such a model should bring some fruitful information on the new
physics and allow to distinguish between models. We would like to mention also that, those channels have a very
clear signature and might emerge easily at future colliders. For instance, if H± → W±Z is enhanced enough, this
decay may lead to three leptons final state if both W and Z decay leptonically and that would be the corresponding
golden mode for charged Higgs boson.
Charged Higgs decays: H± → W±γ,W±Z, have received much more attention in the literature. H± → W±Z
has been studied first in the MSSM in [22]. Ref. [23] has considered both H± → W±γ and H± → W±Z in the
MSSM and show that the rate of H± →W±γ is very small while the rate of H± →W±Z can be enhanced by heavy
fermions particles in the loops. The fourth generation contribution was given as an example. Although the squarks
contribution has been considered in Ref. [23], Left-Right mixing which could give substantial enhancement has been
neglected. H± → W±γ was also studied in [24] within the MSSM. Later on, Ref. [25] studied the possibility of
enhancing H± →W±Z by the non-decoupling effect of the heavy Higgs bosons in the context of 2HDM, substantial
enhancement was found [25]. Recently, H± → W±γ was also studied in 2HDM type II [26]. All the above studies
has been carried out either in unitary gauge [22, 23] or in the nonlinear Rξ-gauge [26]. The analysis of [24] and [25]
have been performed in ‘tHooft-Feynman gauge without any renormalization scheme. It has been checked in [24, 25]
that the sum of all Feynman diagrams: vertex, tadpoles and vector boson–scalar mixing turns out to be Ultra-Violet
finite.
In the present study, we will still use ‘tHooft-Feynman gauge to do the computation. However, the amplitudes of
H± → W±γ and H± → W±Z are absent at the tree level, complications like tadpoles contributions and vector
boson–scalar mixing require a careful treatment of renormalization. We adopt hereafter the on-shell renormalization
scheme developed in [28].
The paper is organized as follows. In section II, we describe our calculations and the one-loop renormalization scheme
we will use for H± → W±Z and H± → W±γ. In Section III, we present our numerical results and discussions, and
section VI contains our conclusions.
II. CHARGED HIGGS DECAY: H± →W±V
As we have seen in the previous section, both in 2HDM as well as in MSSM, at tree level, the coupling H± →
W±γ and H± → W±Z do not exist. They are generated at one loop level and then are expected to be loop
suppressed [22, 23, 24, 25, 26]. Hereafter, we will give the general structure of such one loop couplings and discuss
the renormalization scheme introduced to deal with tadpoles and vector boson scalar boson mixing.
A. One loop amplitude H± →W±V
The amplitude M for a scalar decaying to two gauges bosons V1 and V2 can be written as
M = g
3ǫµ∗V1 ǫ
ν∗
V2
16π2mW
Mµν (1)
where ǫVi are the polarization vectors of the Vi.
According to Lorenz invariance, the general structure of the one loop amplitude Mµν of S → V µ1 V ν2 decay, if CP is
conserved, is
Mµν(S → WµV ν) = F1gµν + F2p1µp2ν + F3iǫµνρσpρ1pσ2 (2)
where p1,2 are the momentum of V1, V2 vector bosons, F1,2,3 are form factors, and ǫµνρσ is the totally antisymmetric
tensor. The form factor F1 has dimension 2 while the other are dimensionless. The analytic expression for Fi are
given in appendix B.
For H± → W±γ, electromagnetic gauge invariance implies that F1 =1/2(m2W −m2H±)F2 [23]. This means that
only F2 and F3 will contribute to the decay H± → W±γ. In case of H± → W±Z, there is no such constraint on
form factors.
In terms of an effective Lagrangian analysis, from gauge invariance requirement we can write:
Leff = g1H±W∓µ V µ + g2H±FµνV FWµν + ig3ǫµνρσH±FµνV FWρσ + h.c (3)
4the first operator H±W∓µ V
µ is dimension three and the last two operators H±FµνV FWµν and ǫµνρσ H
±FµνV F
Wρσ
are dimension five. One conclude that g2,3 (resp. g1) must be of the form g(R)/M (resp Mg(R)) with M a heavy
scale in MSSM or in 2HDM, g(R) a dimensionless function and R is a ratio of some internal masses of the model
under studies. Therefore, it is expected that in case of H± → W±Z decay, F1 will grow quadratically with internal
masses while F2,3 will have only logarithmic dependence. A contrario, for H± → W±γ decay, the electromagnetic
gauge invariance relates F1 and F2 and then the amplitude of H± →W±γ will not grows quadratically with internal
masses. One expect that the decay H± →W±γ is less enhanced compared to H± →W±Z.
After squaring the amplitude and summing over polarization vectors, the decay widths as functions of the form factors
F1, F2 and F3 take the following form:
Γ(H± →W±Z) = g
6 λ1/2
216π5m6W m
3
H±
[
4(λ+ 12m2W m
2
Z)|F1|2 + λ2|F2|2 + 8λm2W m2Z |F3|2 (4)
+ 4λ(m2H± −m2W −m2Z)ℜe(F1F∗2 )
]
Γ(H± →W±γ) = g
6m3H±
213π5m2W cos
2 θW
[
1− m
2
W
m2H±
]3(
|F1|2 + |F3|2
)
(5)
where λ = (m2H± −m2W −m2Z)2 − 4m2Wm2Z
B. On-shell renormalization
We have evaluated the one-loop induced process H± → W±V in the ’tHooft-Feynman gauge using dimensional
regularization. The typical Feynman diagrams that contribute to H± →W±V are depicted in Fig. 1. Those diagrams
contains vertex diagrams (Fig. 1.1 → 1.11), W±-H± mixing (Fig. 1.12 → 1.14), H±-G± mixing (Fig. 1.15 → 1.17)
and H±-W± mixing (Fig. 1.18 → 1.20).
Note that the mixing H±–W± (Fig .1.12, 1.13, 1.14) vanishes for an on-shell transverse W gauge boson. There is
no contribution from the W±–G∓ mixing because γG±H∓ and ZG±H∓ vertices are absent at the tree level. All the
Feynman diagrams have been generated and computed using FeynArts and FormCalc [29] packages. We also used
the fortran FF–package [30] in the numerical analysis.
Although the amplitude for our process is absent at the tree level, complications like tadpole contributions and vector
boson–scalar mixing require a careful treatment of renormalization. We adopt, hereafter, the on-shell renormalization
scheme of [31], for the Higgs sector, which is an extension of the on-shell scheme in [32]. In this scheme, field
renormalization is performed in the manifest-symmetric version of the Lagrangian. A field renormalization constant
ZΦ1,2 is assigned to each Higgs doublet Φ1,2. Following the same approach adopted in [28], the Higgs fields and
vacuum expectation values vi are renormalized as follows:
Φi → (ZΦi)1/2Φi
vi → (ZΦi)1/2(vi − δvi) . (6)
With these substitutions in the scalar covariant derivative Lagrangian of the Higgs fields (in the convention of [2]),
followed by expanding the renormalization constants Zi = 1+δZi to the one-loop order, we obtain all the counter-terms
relevant for our process:
δ[W±ν H
∓] = kµ∆ (7)
δ[AνW
±
µ H
∓] = −iegµν∆ (8)
δ[ZνW
±
µ H
∓] = −iegµν sW
cW
∆ (9)
where k denotes the momentum of the incoming W± and
∆ =
sin 2β
2
mW [
δv2
v2
− δv1
v1
+ δZΦ1 − δZΦ2 ] . (10)
Denoting the one particle irreducible (1PI) two point function for W±H± (resp G±H±) mixing by ±ikµΣW±H±(k2)
(resp iΣG±H±(k
2)) where k is the momentum of the incoming W± (resp G±), and H± is outgoing. The renormalized
mixing will be denoted by Σˆ.
In the on-shell scheme, we will use the following renormalization conditions:
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FIG. 1: Generic contributions to H± →W±V
• The renormalized tadpoles, i.e. the sum of tadpole diagrams Th,H and tadpole counter-terms δh,H vanish:
Th + δth = 0, TH + δtH = 0 .
These conditions guarantee that v1,2 appearing in the renormalized Lagrangian LR are located at the minimum
of the one-loop potential.
• The real part of the renormalized non-diagonal self-energy ΣˆH±W±(k2) vanishes for an on-shell charged Higgs
boson:
ℜeΣˆH±W±(m2H± ) = 0 (11)
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FIG. 2: Generic contributions to H± →W± and H± → G± mixing as well as counter-terms needed.
This renormalization condition determines the term ∆ to be
∆ = ℜeΣH±W±(m2H± ) (12)
and consequently δ[AνW
±
µ H
∓] and δ[ZνW
±
µ H
∓] are also fixed.
The last renormalization condition is sufficient to discard the real part of the H±–G± mixing contribution as well.
Indeed, using the Slavnov–Taylor identity [33]
k2ΣH±W±(k
2)−mWΣH±G±(k2) = 0 at k2 = m2H± (13)
which is valid also for the renormalized quantities together with eq. (11), it follows that
ℜeΣˆH±G±(m2H±) = 0 . (14)
In particular, the Feynman diagrams depicted in Fig. 1.9 will not contribute with the above renormalization conditions,
being purely real valued.
To make the amplitude of Fig.1 Ultra-Violet finite we need to add the following counter-terms: counter-terms for
γW±H∓ and ZW±H∓ vertices Fig.2.2a, a counter-term for the W±-H∓ mixing Fig.2.2b, 2.2d, and a counter-term
for the G±-H∓ mixing Fig. 2.2c.
III. NUMERICS AND DISCUSSIONS
In our numerical evaluations, we use the following experimental input quantities [34]: α−1 = 129, mZ , mW , mt,
mb = 91.1875, 80.45, 174.3, 4.7 GeV. In the MSSM, we specify the free parameters that will be used as follow: i) The
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FIG. 3: Branching ratios of H± → W±Z (left) and H± → W±γ (right) as a function of mH± in the MSSM and 2HDM for
MSUSY = 500 GeV, M2 = 175 GeV, µ = −1.4 GeV and At = Ab = Aτ = −µ for various values of tanβ.
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FIG. 4: Branching ratios for H± → W±Z (left), H± → W±γ (right) as a function of tan β in the MSSM with MSUSY = 500
GeV, M2 = 200 GeV, mH± = 500 GeV, At = Ab = Aτ = −µ for various values of At.
MSSM Higgs sector is parametrized by the CP-odd mass mA0 and tanβ, taking into account radiative corrections
from [37], and we assume tanβ >∼ 3. ii) The chargino–neutralino sector can be parametrized by the gaugino-mass
termsM1, M2, and the Higgsino-mass term µ. For simplification GUT relationM1 ≈M2/2 is assumed. iii) Sfermions
are characterized by a common soft-breaking sfermion mass MSUSY ≡ M˜L = M˜R, µ the parameter and the soft
trilinear couplings for third generation scalar fermions At,b,τ . For simplicity, we will take At = Ab = Aτ .
When varying the MSSM parameters, we take into account also the following constraints: i) The extra contributions
to the δρ parameter from the Higgs scalars should not exceed the current limits from precision measurements [34]:
|δρ| <∼ 0.003. ii) b → sγ constraint. The present world average for inclusive b → sγ rate is [34] B(B → Xsγ) =
(3.3 ± 0.4) × 10−4. We keep the B → Xsγ branching ratio in the 3σ range of (2.1–4.5)×10−4. The SM part of
B → Xsγ is calculated up to NLO using the expression given in [35]. While for the MSSM part, the Wilson coefficient
C7 and C8 are included at LO in the framework of MSSM with CKM as the only source of flavor violation and are
taken from [36]. iii) We will assume that all SUSY particles Sfermions and charginos are heavier than about 100
GeV; for the light CP even Higgs we assume mh0 >∼ 98 GeV and tanβ >∼ 3.
The total width of the charged Higgs is computed at tree level from [3] without any QCD improvement for its
fermionic decays H± → f¯f ′. The SUSY channels like H+ → f˜if˜ ′j and H+ → χ˜0i χ˜+j are included when kinematicaly
allowed. In Fig. 3, we show branching ratio of H± → W±Z (left) and H± → W±γ (right) as a function of charged
Higgs mass for tanβ = 16 and 25. In those plots, we have shown both the pure 2HDM (only SM fermion, gauge
bosons and Higgs bosons with MSSM sum rules for the Higgs sector) and the MSSM (2HDM and SUSY particles)
8FIG. 5: Scatter plot for branching ratios of H± → W±Z (left),H± → W±γ (right) in the (mH± , tan β) plane in the MSSM
for MSUSY = 1 TeV, M2 = 175 GeV, At,b,τ =MSUSY and µ = −1 TeV.
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GeV, M2 = 200 GeV, mH± = 500 GeV, At = Ab = Aτ = −µ and −2TeV < µ < −0.1 TeV for various values of tan β.
contribution. As it can be seen from those plots, both for H± → W±Z and H± → W±γ the 2HDM contribution is
rather small. Once we include the SUSY particles, we can see that the Branching fraction get enhanced and can reach
10−3 in case of H± →W±Z and 10−5 in case of H± →W±γ. The source of this enhancement is mainly due to the
presence of scalar fermion contribution in the loop which are amplified by threshold effects from the opening of the
decay H± → t˜ib˜∗j . It turns out that the contribution of charginos neutralinos loops does not enhance the Branching
fraction significantly as compared to scalar fermions loops. The plots also show that, the branching fraction is more
important for intermediate tanβ = 16 and is slightly reduced for larger tanβ = 25.
This tanβ dependence is shown in Fig. 4 both for H± → W±Z and H± →W±γ for three representative values of
At. It is obvious that the smallest is tanβ the largest is the branching fraction. Increasing tanβ from 5 to about 40
can reduce the branching fraction by about one or two order of magnitude.
We also show a scatter plot Fig. 5 for H± → W±Z (left) and H± → W±γ (right) in (mH± , tanβ) plane for
At = −µ = 1 TeV, MSUSY = At and M2 = 175 GeV. As it can be seen from Fig 5 there is only a small area for
tanβ <∼ 10 where the branching ratio of H± →W±Z can be in the range 10−5–10−3.
We now illustrate in Fig. 6 the branching fraction of H± → W±Z (left) and H± → W±γ (right) as a function of
At = Ab = Aτ = −µ for MSUSY = 500 GeV and M2 = 200 GeV. Since b → sγ favor At and µ to have opposite
sign, we fix µ = −At and in this sense also µ is varied when At is varied. Both for H± → W±Z and H± → W±γ,
the chargino-neutralino contribution which is rather small decrease with µ = −At, the largest is At the smallest is
chargino-neutralino contribution. In case of H± → W±Z, for At <∼ 1 TeV it is the pure 2HDM contribution which
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FIG. 7: Branching ratios for H± → W±Z (left) and H± →W±γ (right) in the MSSM as a function of Arg(At) : MSUSY = 500
GeV, M2 = 150GeV , mH± = 500 GeV, At = Ab = Aτ = −µ = 1 TeV and for various values of tan β.
dominate and that is why it is almost independent of At while for large At the branching ratio increase with At. It is
clear that the largest is At the largest is the branching ratio which can be of the order of 10
−3 for H± →W±Z with
tanβ = 10. As we know from h0 → γγ and h0 → γZ in MSSM [39], the squarks contributions decouple except in the
light stop mass and large At limit [39]. In H
± → W±V case, the same stuation happen. As we can see from Fig. 6
(left), for intermediate At, 300 < At < 1000 GeV, the squarks are rather heavy and hence their contributions is small
compared to 2HDM one. While for large At the stop becomes very light <∼ 200 GeV and hence enhance H± →W±V
width. Of course this enhancement is also amplified by H±t˜L,Rb˜
∗
R,L and H
±τ˜L,Rν˜τ
∗
L couplings which are directly
proportional to At,b,τ . In case of H
± → W±γ decay, the pure 2HDM and sfermions contributon are of comparable
size, the branching ratio increases with At.
We have also studied the effect of the MSSM CP violating phases. It is well known that the presence of large
SUSY CP violating phases can give contributions to electric dipole moments of the electron and neutron (EDM)
which exceed the experimental upper bounds. In a variety of SUSY models such phases turn out to be severely
constrained by such constraints i.e. Arg(µ) < (10−2) for a SUSY mass scale of the order of few hundred GeV [40].
For H± → W±Z and H± → W±γ decays which are sensitive to MSSM CP violating phases through squarks and
charginos-neutralinos contributions, it turns out that the effect of MSSM CP violating phases is important and can
enhance the rate by about one order of magnitude. For illustration we show in Fig. 7 the effect of At,b,τ CP violating
phases for MSUSY = 500 GeV, At,b,τ = −µ = 1 TeV and M2 = 150 GeV. For simplicity, we assume that µ is
real. As it is clear, the CP phase of At,b,τ can enhance the rates of both H
± → W±Z, γ by more than an ordre of
magnitude. Those CP violating phases can lead to CP-violating rate asymmetry of H± decays, those issues are going
to be addressed in an incoming paper [41].
We now turn to discuss the pure 2HDM contribution to H± → W±Z,W±γ. For the 2HDM parameterization we
follow closely the notation of [42]. In our discussion we will take as free parameters:
λ5 , mh0 , mH0 , mA0 , mH± , tanβ and sinα (15)
α is the CP-even mixing angle and λ5 is the term that breaks softly the discrete symmetry Φi → −Φi in the 2HDM
Lagrangian.
To constrain the scalar sector parameters we will use both vacuum stability conditions as well as tree level unitarity
and δρ constraints. In our study, we use the vacuum stability conditions from [43] and tree level unitarity constraints
are taken from [44].
As B → Xsγ constraint is concerned, it has been shown in [38] that for models of the type 2HDM-II, data on B → Xsγ
imposes a lower limit of mH± >∼ 350GeV. In type I 2HDM, there is no such constraint on the charged Higgs mass
[38]. In our numerical analysis we will ignore these constraints and allow mH± <∼ 200 GeV in order to localize regions
in parameter space where the branching ratios are sizeable.
In the 2HDM, the source of enhancement in H± → W±Z and H± → W±γ decays can be either from bottom
Yukawa coupling which is enhanced at large tanβ or from the Higgs sector contribution through diagram like Fig. 1.2
with (Si, Sj , Sk)=(H
±, h0, H±) or (H±, H0, H±) and Fig. 1.8 with (Si, Sj)=(H
±, h0) or (H±, H0). In contrast to
the MSSM where the trilinear scalar couplings h0H+H− and H0H+H− are function of the gauge couplings only, in
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FIG. 8: The branching ratios of H± →W±Z (left) and H± → W±γ (right) in type–II 2HDM model in (mH± , tan β) plane for
100GeV ≤ mh0 ≤ 130GeV, 150GeV ≤ mH0 ≤ 350GeV, 100GeV ≤ mA0,H± ≤ 500 GeV, −1 ≤ sinα ≤ 1, 0.1 ≤ tan β ≤ 10,
and λ5 = 0.
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FIG. 9: Branching ratios H± → W±Z as the function of the tan β in 2HDM-II for mh0 = 100 GeV, mH0 = 200 GeV,
mA0 = 300 GeV α = β − pi/2 and various values of λ5. Left plot is for mH± = 180 GeV and right one is for mH± = 220 GeV
the 2HDM those couplings are function of Higgs masses, α, tanβ as well as λ5 as it can be seen from their analytic
expressions (in the notations of Ref. [42])
H0H+H− =
−ig
mW sin 2β
(m2H0 (cos
3 β sinα+ sin3 β cosα) +m2H± sin 2β cos(β − α)− sin(β + α)λ5v2)
h0H+H− =
−ig
mW sin 2β
(m2h0(cosα cos
3 β − sinα sin3 β) +m2H± sin 2β sin(β − α)− cos(β + α)λ5v2) (16)
Even after imposing unitarity and vacuum stability constraints, those couplings can get large values compared to their
MSSM values and that is the main difference between 2HDM scalar sector and the MSSM one.
We have first compared our results to previous one given in Refs. [25, 26] and found perfect agreement. However
in Refs. [25, 26], unitarity constraints were not imposed while Ref. [26] did not consider the case of H± →W±Z. We
have performed a systematic scan over the 2HDM parameters and found that both H± → W±Z and H± → W±γ
can reach 10−2 branching ratio. In Fig.8 we have illustrated our results as scatter plot in the (tanβ,mH±) plane. As
one can see from the plot, just before the opening of H− → t¯b decay, for mH± <∼ mt +mb, the branching ratio of
H± →W±Z and H± →W±γ can be of the order 10−2–10−3. Once the decay H− → t¯b is open for mH± >∼ mt+mb,
the charged Higgs width becomes large and the branching ratio of H± → W±Z and H± → W±γ are suppressed.
However as one can see, there is still a large area in the (tanβ,mH±) plane where the branching ratio of H
± → W±Z
and H± →W±γ can be larger than 10−4.
11
We illustrate in Fig. 9 the branching ratio of H± → W±Z as a function of tanβ for various values of λ5 and for
mH± = 180 GeV (left plot) and mH± = 220 GeV (right plot). It is clear from both plots that the branching ratio is
slightly enhanced for vanishing λ5 case, this effect has been noticed also by [25]. In the left plot we are very close to
H− → t¯b threshold, the branching ratio is larger than 10−3. Away from the threshold H− → t¯b and for mH± = 220
GeV (right plot) the branching ratio of H± →W±Z is slightly reduced to the level of 10−4.
IV. CONCLUSION
In the framework of MSSM and 2HDM we have studied charged Higgs decays into a pair of gauge bosons namely:
H± → W±Z and H± → W±γ. In the MSSM we have also studied the effects of MSSM CP violating phases. In
contrast to previous studies, we have performed the calculation in the ’tHooft-Feynman gauge and used a renormal-
ization prescription to deal with tadpoles, W±–H± and G±–H± mixing. The study has been carried out taking
into account the experimental constraint on the ρ parameter, b → sγ constraint, unitarity constraints, and vacuum
stability conditions on all scalar quartic couplings λi in 2HDM case. Numerical results for the branching ratios have
been presented. In the MSSM, we have shown that the branching ratio of H± →W±Z can reach 10−3 in some cases
while H± →W±γ never exceed 10−5. The effect of MSSM CP violating phases is also found to be important.
In the 2HDM we emphasize the effect coming from the pure trilinear scalar couplings such as h0H+H− andH0H+H−.
We have shown that in 2HDM both H± →W±Z and H± →W±γ can have a branching ratio in the range 10−2–10−3.
Those Branching ratio in the range 10−2–10−3 might provide an opportunity to search for a charged Higgs boson at
the LHC through H± →W±Z.
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APPENDIX A: LAGRANGIAN AND COUPLINGS
In this appendix, we list our notation for the gauge and Yukawa couplings used in this section.
The photon coupling to fermions/sfermions are:
gL,Rγff = −efsW , gγf˜if˜j = −efsW δij (A1)
The Z boson coupling to fermions/sfermions are:
gLZff = (−T3 + efs2W )/cW , gRZff = efs2W /cW (A2)
gZf˜i f˜j = cij/cW (A3)
where the couplings cij are given by
cij =
(
T3 cos
2
θf
−efs2W − 12T3 sin 2θf
− 1
2
T3 sin 2θf T3 sin
2
θf −efs2W
)
(A4)
where T3 = 1/2 for up quarks and T3 = −1/2 for down quarks and θf is the mixing angle in the sfermion sector
defined by: (
f˜L
f˜R
)
=
(
cos θf − sin θf
sin θf cos θf
)(
f˜1
f˜2
)
= Rfij
(
f˜1
f˜2
)
(A5)
where f˜L,R are the weak eigenstates and f˜1,2 are the mass eigenstates.
The W gauge boson coupling to a pair of fermions/sfermions is:
gLWff ′ = −
1√
2
, gRWff ′ = 0 (A6)
gWf˜i f˜j = −
1√
2
Rfi1R
f ′
j1 (A7)
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The chargino mass matrix is:
X =
(
M2
√
2mW sinβ√
2mW cosβ µ
)
, (A8)
which is diagonalized by the unitary matrices U and V via V X†U † =MD.
The neutralino mass matrix is:
Y =


M1 0 −mZsW cosβ mZsW sinβ
0 M2 mZcW cosβ −mZcW sinβ
−mZsW cosβ mZcW cosβ 0 −µ
mZsW sinβ −mZcW sinβ −µ 0

 , (A9)
which is diagonalized by the matrix N via NY †N † = ND.
The matrices that enter the W±χ˜0i χ˜
∓
j couplings are defined as:
OLij = −
1√
2
Ni4V
∗
j2 +Ni2V
∗
j1, ORij =
1√
2
N∗i3Uj2 +N
∗
i2Uj1. (A10)
The matrices that enter the Zχ˜±i χ˜
∓
j couplings are defined as:
O′Lij = −Vi1V ∗j1 −
1
2
Vi2V
∗
j2 + δijs
2
W ,
O′Rij = −U∗i1Uj1 −
1
2
U∗i2Uj2 + δijs
2
W . (A11)
The matrices that enter the Zχ˜0i χ˜
0
j couplings are defined as:
O′′Lij = −
1
2
Ni3N
∗
j3 +
1
2
Ni4N
∗
j4, O′′Rij = −O′′L∗ij . (A12)
The matrices that enter the H∓χ˜0i χ˜
±
j and H
∓ujdj couplings are defined as:
O′Lij = N∗i4V ∗j1 +
1√
2
(N∗i2 +N
∗
i1 tan θW )V
∗
j2,
O′Rij = Ni3Uj1 −
1√
2
(Ni2 +Ni1 tan θW )Uj2.
gL,RH±uidi =
(mdi tanβ,mui/ tanβ)√
2mW
, gL,RG±uidi =
mui ,mdi√
2mW
(A13)
The couplings W±G∓V , W±W∓V and H±H∓V are given:
V gWGV gWWV gHHV
Z −mZs2W cW (c2W − s2W )/2cW
γ mW sW −sW sW
The coupling H∓f˜ f˜ ′ are given by
gHe˜Lν˜ = −mW sin 2β/
√
2
gHd˜Lu˜L = −mW sin 2β/
√
2
gH−b˜L t˜L = −mW sin 2β/
√
2 + (m2b tanβ +m
2
t cotβ)/
√
2mW
gH−b˜L t˜R = mt(µ+At cotβ)/
√
2mW
gH−b˜R t˜L = mb(µ+Ab tanβ)/
√
2mW
gH−b˜R t˜R = mtmb(tanβ + cotβ)/
√
2mW (A14)
gHb˜1 t˜1 = cθtcθbgH−b˜L t˜L + sθtcθbgH− b˜L t˜R + cθtsθbgH−b˜R t˜L + sθtsθbgH− b˜R t˜R
gHb˜1 t˜2 = −sθtcθbgH− b˜L t˜L + cθtcθbgH−b˜L t˜R − sθtsθbgH− b˜R t˜L + cθtsθbgH−b˜R t˜R
gHb˜2 t˜1 = −cθtsθbgH− b˜L t˜L − sθtsθbgH−b˜L t˜R + cθtcθbgH− b˜R t˜L + sθtcθbgH−b˜R t˜R
gHb˜2 t˜2 = sθtsθbgH−b˜L t˜L − cθtsθbgH− b˜L t˜R − sθtcθbgH−b˜R t˜L + cθtcθbgH− b˜R t˜R (A15)
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APPENDIX B: MSSM CONTRIBUTION FOR H± →W±V
We now list our results for the MSSM diagrams. The matrix elements for H± →W±V (V = Z, γ) in the MSSM are
partially presented here. We give only the fermionic contribution (SM fermion and chargino-neutralino contribution)
as well as the scalar fermion contributions. For the bosonic contribution (higgs bosons and gauge bosons) we refer to
[25].
It is to be understood that diagrams involving charginos χ˜±i are summed over i = 1, 2 and diagrams involving
neutralinos χ˜0i are summed over i = 1, . . . , 4.
The fermion triangle that enters Fig. 1.1a and Fig. 1.1b was computed in Ref. [23], and agrees with our result.
Fig. 1.1c with χ˜0i , χ˜
0
j and χ˜
±
k in the loop is analogous to the top/bottom quark triangle diagram and can be checked
by substituting top/bottom quark couplings into the gaugino couplings.
Diagram Fig. 1.1a: In the convention of eq.2, we have
F1 = NCgLW
(
2(mtg
L
V bbg
R
H +mbg
L
V bbg
L
H −mbgRV bbgLH)B0 − 2mtmbgRV bb(mtgLH +mbgRH)C0 (B1)
+
[
−mbgRV bbgLH(m2H± +m2W −m2V )−mtgLV bbgRH(−m2H± − 3m2W +m2V ) + 2mbgLV bbgRHm2W
]
C1
+
[
mtg
L
V bbg
R
H(3m
2
H± +m
2
W −m2V ) +mbgLV bbgLH(m2H± +m2W −m2V )− 2gRV bbgLHm2H±mb
]
C2
− 4gLV bb(mtgRH +mbgLH)C00
)
F2 = −2NCgLW
(
mtg
L
V bbg
R
H C0 − (mtgLV bbgRH −mbgRV bbgRH)C1 + 3gLV bb(mtgRH +mbgLH)C2
)
(B2)
F3 = 2NCgLW
(
mtg
L
V bbg
R
H C0 + (mtg
L
V bbg
R
H +mbg
R
V bbg
L
H)C1 + g
L
V bb(mtg
R
H +mbg
L
H)C2
)
(B3)
Where NC = 3 for quarks and 1 for leptons. The arguments of the Passarino-Veltman functions Bi and Ci are
Bi(m
2
V ,m
2
b ,m
2
b), Ci(m
2
W ,m
2
V ,m
2
H± ,m
2
t ,m
2
b ,m
2
b).
Diagram Fig. 1.1b:
Similar to Fig. 1.1(a) with the exchange of
mt ↔ mb, gRV tt ↔ gRV bb, gLV tt ↔ gLV bb, gLH ↔ gRH , gLW ↔ gL∗W (B4)
Diagram Fig. 1.1c
F1 =
(
2
[
mχi(g1g3g5 + g2g4g6) +mχj (g1g3g6 + g2g4g5)−mχk(g1g4g5 + g2g3g6)
]
B0 (B5)
+
[
mχi(−2g1g4g5mχimχk − 2g1g4g6mχjmχk + 2g1g3g6mχimχj + 2g1g3g5m2χi
+g1g3g5(m
2
H± +m
2
W −m2V ))
]
C0 +
[
−mχk(g1g4g5 + g2g3g6)(m2H± +m2W −m2V )
+mχi(g1g3g5 − g2g4g6)(−m2H± − 3m2W +m2V )− 2(g1g3g6 − g2g4g5)mχjm2W
]
C1
+
[
mχi(g1g3g5 + g2g4g6)(3m
2
H± +m
2
W −m2V ) +mχj (g2g4g5 + g1g3g6)(m2H± +m2W −m2V )
−2(g1g4g5 − g2g3g5)mχkm2H±
]
C2
− 4
[
mχi(g1g3g5 + g2g4g6) +mχj (g1g3g6 + g2g4g5)
]
C00
)
F2 = −2
(
(mχi (g1g3g5 + g2g4g6))C0 −
[
mχk(g2g3g6 − g1g4g5) +mχi(g1g3g5 + g2g4g6)
]
C1 (B6)
+ 3
[
mχi(g1g3g5 + g2g4g6) +mχj (g1g3g6 + g2g4g5)
]
C2
)
F3 = 8
(
mχi(g1g3g5 − g2g4g6)C0 +
[
mχk(g2g3g6 − g1g4g5) +mχi(g1g3g5 − g2g4g6)
]
C1 (B7)
+
[
mχi(g1g3g5 − g2g4g6)−mχj (g2g4g5 − g1g3g6)
]
C2
)
The arguments of Bi and Ci functions are Bi(m
2
V ,m
2
χi ,m
2
χj ), Ci(m
2
W ,m
2
V ,m
2
H± ,m
2
χi ,m
2
χk ,m
2
χj ). The couplings are
given in the following table:
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χi χj χk g1 g2 g3 g4 g5 g6
χ˜0 χ˜0 χ˜+ 2O′′Lij /cW −2O′′Rij /cW −OR∗kj −OL∗kj − cβ O′Lki − sβ O′Rki
χ˜+ χ˜− χ˜0 O′Lij /cW O′Rij /cW −OR∗kj −OL∗kj − cβ O′Lki − sβ O′Rki
Diagram Fig. 1.2:
F1 = 4NC gV1 gH2 gW3 C00 (B8)
F2 = NC gV1 gH2 gW3
(
C0 + 2(C1 + 2C12 + C2)
)
(B9)
Where NC = 3 for scalar quarks and NC = 1 for scalar leptons, the arguments of Ci and Cij functions are as
Ci,ij(m
2
W ,m
2
V ,m
2
Si
,m2Sk ,m
2
Sj
). The couplings are given in the following table:
Si Sj Sk g
γ
1 g
Z
1 g
H
2 g
W
3
ν˜l ν˜l l˜L −gγν˜ν˜ −gZν˜ν˜ gHν˜l˜ gWν˜l˜
l˜L l˜L ν˜l gγl˜l˜ gZl˜l˜ gHl˜ν˜ gWl˜ν˜
u˜L u˜L d˜L −gγu˜u˜ −gZu˜u˜ gHu˜d˜ gWu˜d˜
d˜L d˜L u˜L gγd˜d˜ gZd˜d˜ gHd˜u˜ gWd˜u˜
t˜i t˜j b˜k −guLγ Rt1iRt1j − guRγ Rt2iRt2j −guLZ Rt1iRt1j − guRZ Rt2iRt2j gHb˜t˜ −Rt1jRb1k
b˜i b˜i t˜k g
dL
γ R
b
1iR
b
1j + g
dR
γ R
b
2iR
b
2j g
dL
Z R
b
1iR
b
1j + g
dR
Z R
b
2iR
b
2j gHb˜t˜ R
t
1kR
b
1j
where Rt,b11 = R
t,b
22 = cos θf and −Rt,b12 = Rt,b21 = sin θf .
Diagram Fig. 1.8:
F1 = −NCg1g2B0(m2H± ,m2Si ,m2Sj ) (B10)
The couplings are given in the following table:
Si Sj g1 g2
ν˜l l˜L gH±ν˜l l˜L gν˜l˜LW±V
t˜L b˜L gH± t˜Lb˜L gt˜Lb˜LW±V
t˜1 b˜1 gH± t˜1b˜1 gt˜1b˜1W±V
t˜1 b˜2 gH± t˜1b˜2 gt˜1b˜2W±V
t˜2 b˜1 gH± t˜2b˜1 gt˜2b˜1W±V
t˜2 b˜2 gH± t˜2b˜2 gt˜2b˜2W±V
Diagram Fig. 1.12:
F2 = 2NC g3
m2W −m2H±
(
−mFi(g1g4 + g2g5)B0 +
[
(g1g4 + g2g5)mFi + (g2g4 + g1g5)mFj
]
B1
)
(B11)
The arguments for the Passarino-Veltman functions Bi are Bi(m
2
V ,m
2
Fi
,m2Fj ).
The couplings are given in the following table:
Fi Fj Sk g1 g2 g3 g4 g5
t b H± 0 gLW±tb gH±W±V g
L
H±tb g
R
H∓tb
χ˜0 χ˜+ H± OL∗ji OR∗ji gH±W±V −cβO′Lji −sβO′Rji
Diagram Fig. 1.13:
F2 = NC g1 g2 g3
m2W −m2H±
(
B0(m
2
W ,m
2
Sj ,m
2
Si) + 2B1(m
2
W ,m
2
Sj ,m
2
Si)
)
(B12)
The couplings are given in the following table:
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Si Sj Sk g1 g2 g3
ν˜l l˜L H
± gH±H∓V gH±ν˜l l˜L gν˜l l˜LW±
u˜L d˜L H
± gH±H∓V gH±u˜Ld˜L gu˜Ld˜LW±
t˜1 b˜1 H
± gH±H∓V gH± t˜1b˜1 gt˜1b˜1W±
t˜1 b˜2 H
± gH±H∓V gH± t˜1b˜2 gt˜1b˜2W±
t˜2 b˜1 H
± gH±H∓V gH± t˜2b˜1 gt˜2b˜1W±
t˜2 b˜2 H
± gH±H∓V gH± t˜2b˜2 gt˜2b˜2W±
Diagram Fig. 1.15:
F1 = 2NC g5
m2H± −m2W
(
(g2g3 + g1g4)A0(m
2
Fj ) +mFi
[
(g2g3 + g1g4)mFi + (g1g3 + g2g4)mFj
]
B0 (B13)
+ (g2g3 + g1g4)g5m
2
H±B1
)
The arguments of Bi functions are Bi(m
2
H± ,m
2
Fi
,m2Fj ). The couplings are given in the following table:
Fi Fj Sk g1 g2 g3 g4 g5
t b G± gLG±tb g
R
G±tb gG±W±V g
L
H±tb g
R
H∓tb
χ˜0 χ˜+ G± −cβO′Lji −sβO′Rji gG±W∓V cβO′R∗ji −sβO′L∗ji
Diagram Fig. 1.16:
F1 = NCg1g2g3
m2H± −m2Sk
B0(m
2
H± ,m
2
Sj ,m
2
Si) (B14)
The couplings are given in the following table:
Si Sj Sk g1 g2 g3
ν˜l l˜L G
± gH± ν˜l l˜L gG±W±V gG±ν˜l l˜L
u˜L d˜L G
± gH±u˜Ld˜L gG±W±V gG±u˜Ld˜L
t˜1 b˜1 G
± gH± t˜1 b˜1 gG±W±V gG±t˜1 b˜1
t˜1 b˜2 G
± gH± t˜1 b˜2 gG±W±V gG±t˜1 b˜2
t˜2 b˜1 G
± gH± t˜2 b˜1 gG±W±V gG±t˜2 b˜1
t˜2 b˜2 G
± gH± t˜2 b˜2 gG±W±V gG±t˜2 b˜2
Diagram Fig. 1.18:
F2 = NC g3
m2H± −m2W
(
B0(g2g4 + g1g5)mFi +
[
(g2g4 + g1g5)mFi + (g1g4 + g2g5)mFj
]
B1
)
(B15)
F1 =
(
m2H± −m2V
)
F2 (B16)
The arguments of Bi functions are as Bi(m
2
H± ,m
2
Fi
,m2Fj ). The couplings are given in the following table:
Fi Fj Vk g1 g2 g3 g4 g5
t b W± gLW±tb 0 gW±W±V g
L
H±tb g
R
H±tb
χ˜0 χ˜+ W± gL
W±χ˜±
j
χ˜0
i
gR
W±χ˜±
j
χ˜0
i
gW±W±V −cβO′Lji −sβO′Rji
Diagram Fig. 1.19:
F1 = (m2V −m2W )F2 (B17)
F2 = g1g2g3
m2H± −m2Vk
(
B0 + 2B1
)
(B18)
The arguments of Bi functions are as Bi(m
2
H± ,m
2
Si
,m2Sj ).
The couplings are given in the following table:
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Si Sj Vk g1 g2 g3
ν˜l l˜L W
± gH±ν˜l l˜L gW±W±V gW±ν˜l l˜L
u˜L d˜L W
± gH±u˜Ld˜L gW±W±V gW±u˜Ld˜L
t˜1 b˜1 W
± gH± t˜1b˜1 gW±W±V gW± t˜1 b˜1
t˜1 b˜2 W
± gH± t˜1b˜2 gW±W±V gW± t˜1 b˜2
t˜2 b˜1 W
± gH± t˜2b˜1 gW±W±V gW± t˜2 b˜1
t˜2 b˜2 W
± gH± t˜2b˜2 gW±W±V gW± t˜2 b˜2
Counter-term and self energies diagrams:
As explained in section.II-B, the counter-term ∆ is fixed by real part of W±H± self energy mixing eq.12. Hereafter
we list the fermion ΣfHW and sfermion Σ
S
HW contribution to ΣHW = Σ
f
HW +Σ
S
HW .
Diagram Fig. 2.1a:
ΣfHW (k
2) =
Nc
8π2
{
(
mb(g
L
W g
R
H + g
R
W g
L
H) +mt(g
L
W g
L
H + g
R
W g
R
H)
)
B1
+ mb(g
L
W g
R
H + g
R
W g
L
H)B0)} (B19)
Where k is the momentum of the external particle, gW,H = gWtb,Htb, the arguments of Bi functions are as
Bi(k
2,m2b ,m
2
t ).
F F gLH g
R
H g
L
W g
R
W
t b gLHtb g
R
Htb g
L
Wtb g
R
Wtb
χ˜0 χ˜± gLHχ˜0χ˜± g
R
Hχ˜0χ˜± g
L
Wχ˜0χ˜± g
R
Wχ˜0χ˜±
Diagram Fig. 2.1b:
ΣSHW (k
2) =
Nc
16π2
gHSiSjgWSiSj
(
B0 + 2B1
)
(B20)
The arguments of Bi functions are as Bi(k
2,m2Si ,m
2
Sj
).
Si Sj gHSiSj gWSiSj
ν˜l l˜L gHν˜l l˜L gWν˜l l˜L
u˜L d˜L gHu˜L d˜L gWu˜Ld˜L
t˜1 b˜1 gHt˜1 b˜1 gWt˜1b˜1
t˜1 b˜2 gHt˜1 b˜2 gWt˜1b˜2
t˜2 b˜1 gHt˜2 b˜1 gWt˜2b˜1
t˜2 b˜2 gHt˜2 b˜2 gWt˜2b˜2
Diagram Fig. 2.1c:
ΣfHG(k
2) =
Nc
8π2
(
(gLHg
R
G + g
R
Hg
L
G)A0(m
2
Fj ) +mFi((g
L
Hg
R
G + g
R
Hg
L
G)mFi
+ (gRHg
R
G + g
L
Hg
L
G)mFj )B0 + (g
L
Hg
R
G + g
R
Hg
L
G)k
2B1
)
(B21)
The arguments of Bi functions are as B(k
2,m2Fi ,m
2
Fj
).
Fi Fj g
L
H g
R
H g
L
G g
R
G
t b gLHtb g
R
Htb g
L
Gtb g
R
Gtb
χ˜0 χ˜± gLHχ˜0χ˜± g
R
Hχ˜0χ˜± g
L
Gχ˜0χ˜± g
R
Gχ˜0χ˜±
Diagram Fig. 2.1d:
ΣSHG =
−Nc
16π2
gHSiSjgGSiSjB0(k
2,m2Sj ,m
2
Si) (B22)
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Si Sj gHSiSj gGSiSj
ν˜l l˜L gHν˜l l˜L gGν˜l l˜L
u˜L d˜L gHu˜L d˜L gGu˜Ld˜L
t˜1 b˜1 gHt˜1 b˜1 gGt˜1b˜1
t˜1 b˜2 gHt˜1 b˜2 gGt˜1b˜2
t˜2 b˜1 gHt˜2 b˜1 gGt˜2b˜1
t˜2 b˜2 gHt˜2 b˜2 gGt˜2b˜2
The amplitudes of the counter-terms Fig. 2.2a → d, are given by:
Diagram Fig. 2.2a:
Fγ1 = e∆ FZ1 = e
sW
cW
∆ (B23)
Diagram Fig. 2.2b:
F2 = −gHHV∆ (B24)
Diagram Fig. 2.2c:
F1 = gHGV
mW
m4H±
m2H± −m2W
∆ (B25)
Diagram Fig. 2.2d:
F1 = gWWV
m2H± −m2W
(m2W −m2V )∆
F2 = − gWWV
m2H± −m2W
∆ (B26)
where ∆ is fixed by eq.12 and the couplings gHHV , gHGV and gWWV have been defined above.
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